Geminiviruses are small plant viruses with circular singlestranded DNA (ssDNA) genomes that are encapsidated in unique twinned (geminate) particles. Members of the genus Begomovirus are transmitted by whiteflies (Bemisia tabaci) and infect dicotyledonous plants (42) . Begomoviruses have either one or two circular ssDNA genomic components (DNA-A and DNA-B). The DNA-A component is capable of autonomous replication and encapsidation, whereas the DNA-B component encodes two proteins (BC1 and BV1) involved in movement (14) . Recently, some monopartite begomoviruses have been found in association with a novel satellite DNA molecule, referred to as DNA-␤ and now known as a betasatellite (2, 5, 20, 22, 38, 45) . DNA-␤ is approximately half the size of the viral genomic DNA, and apart from a nonanucleotide sequence (TA ATATTAC), it has little sequence identity with viral genomic DNA. DNA-␤ depends on the helper virus for replication and encapsidation and, in turn, is required for the induction of bona fide disease symptoms. DNA-␤ bears a ␤C1 open reading frame (ORF) on the complementary-sense strand, which is conserved among distinct betasatellites in terms of position and size. Mutational analyses and constitutive expression have shown that ␤C1 is a strong pathogenicity/symptom determinant (7, 34, 39) .
Begomovirus-DNA-␤ disease complexes are associated with a wide range of plant species and induce different sets of symptom phenotypes in their natural hosts (25) . However, the contributions of the helper virus and the satellite molecule to symptom development are not clear. Tomato yellow leaf curl China virus (TYLCCNV) and Tobacco curly shoot virus (TbCSV) are monopartite begomoviruses associated with DNA-␤, but they differ in the symptom phenotypes induced in Nicotiana spp. and Solanum lycopersicum (7, 22) . In the present work, we report that the symptom differences between TYLCCNV/TYLCCNV DNA-␤ (TYLCCNB) and TbCSV/TbCSV DNA-␤ (TbCSB) are determined by DNA-␤ and the DNA-␤-encoded ␤C1 protein is the symptom determinant, but the promoter of the ␤C1 gene has influence on symptom production.
MATERIALS AND METHODS
Cloning of virus constructs. The construction of infectious clones of TYLCCNV isolate Y10 (pBinPLUS-Y10-1.7A), TYLCCNB (pBinPLUS-Y10-1.7␤), TbCSV isolate Y35 (pBinPLUS-Y35-1.7A), and TbCSB (pBinPLUS-Y35-1.7␤), hereafter referred to as Y10, Y10␤, Y35, and Y35␤, respectively, has previously been described (22, 45) . To construct plasmids containing hybrid DNA-␤ components, a splicing overlap-extension PCR (SOE-PCR) strategy was employed to precisely exchange the ␤C1 ORF or the 430-nucleotide (nt) fragment upstream of the ␤C1 ORF between Y10␤ and Y35␤. The full-length Y10␤ and Y35␤ genomes, which had been amplified with the universal abutting primer pair ␤01/␤02 as described previously (4) , were used as templates for SOE-PCR. For example, to obtain a chimeric satellite containing the TbCSB ␤C1 gene in the TYLCCNB sequence context (Y10␤-35C1), three independent PCRs were conducted using three pairs of primers (Table 1) . The primers ␤01 and 10␤dC1R were used to amplify a fragment covering the region from the 5Ј terminus of the satellite conserved region (SCR) to the nucleotide immediately before the start codon of the TYLCCNB ␤C1 gene, while the primers ␤02 and 10␤dC1F were used to amplify a fragment covering the region extending from the nucleotide immediately after the termination codon of the ␤C1 gene to the 3Ј-terminal SCR of TYLCCNB. These two PCRs were conducted with the cloned TYLCCNB as a template, and two fragments excluding the ␤C1 gene were obtained. The 3Ј termini of the primers 10␤dC1R and 10␤dC1F are complementary to the end and the beginning of the TYLCCNB ␤C1 gene, respectively, while the 5Ј-terminal overhangs are complementary to the TbCSB sequences flanking the ␤C1 gene. In a separate reaction, a third PCR product was amplified with the primer pair 35␤C1F/35␤C1R, which was designed to recover the entire TbCSB ␤C1 gene with TYLCCNB flanking sequences at both ends. All PCRs were conducted using Pfu DNA polymerase (Promega, Madison, WI) according to standard procedures. The three PCR products were recovered independently, and 0.5 l of each product was mixed in the standard PCR system. After annealing and extension were complete, the flanked primer pair ␤01/␤02 was added to amplify the full-length hybrid DNA-␤ component. The overlapping PCR products were inserted into a pGEM-T Easy vector (Promega) to produce clones pGEM-Y10␤-35C1 (in which the ␤C1 gene of TYLCCNB was substituted by the TbCSB ␤C1 gene), pGEM-Y35␤-10C1 (in which the ␤C1 gene of TbCSB was substituted by the TYLCCNB ␤C1 gene), pGEM-Y10␤-35AP (in which the fragment containing the A-rich region and the 173-nt putative ␤C1 promoter region [hereafter abbreviated AP] of TYLCCNB was substituted by that of TbCSB), and pGEM-Y35␤-10AP (in which the AP sequence of TbCSB was substituted by that of TYLCCNB), respectively (Fig. 1) . All clones were sequenced entirely with the automated model 377 DNA sequencing system (Perkin Elmer, Foster City, CA), and sequence analysis confirmed that successful exchanges occurred without mutations introduced by PCR. Dimeric constructs of hybrid DNA-␤ clones for agroinoculation, pBinPLUS-Y10␤-35C1, pBinPLUS-Y35␤-10C1, pBinPLUS-Y10␤-35AP, and pBinPLUS-Y35␤-10AP, were produced using the method described previously (45) .
The full-length promoter fragment of the ␤C1 gene of TbCSB was obtained by PCR amplification with p␤C1-F and p␤C1-R (Table 1) using pBinPLUS-Y35-1.7␤ as the template. The amplified fragment was cloned into a pGEM-T Easy vector to generate construct pGEM-␤C1. The sequence was then digested with HindIII and BamHI. The resulting fragment was inserted into HindIII/BamHI sites within the binary vector pINT121 (23) to produce p␤C1, in which the Cauliflower mosaic virus (CaMV) 35S promoter was substituted with the TbCSB ␤C1 promoter to drive ␤-glucuronidase (GUS) expression. The plasmid pINT121 was used as a positive control for GUS expression. For the negative control, the gus-nos fragment was cut from the BamHI/EcoRI sites of pINT121 and inserted into the BamHI/EcoRI sites of the pBinPLUS vector to generate pBinGUS. The pINT␤3-containing promoter fragment of the ␤C1 gene of TYLCCNB was constructed previously (13) .
To obtain the TbCSB ␤C1 gene (357-nt) construct for plant transformation, plasmid pBinPLUS-Y35-1.7␤ was used as the template for the PCR with primer pair Y35C1F and Y35C1R (Table 1) . After digestion with BamHI and SalI, the PCR fragment was cloned between a duplicated CaMV 35S promoter and the nopaline synthase terminator (nos) in the expression vector pBin438 (21) to produce pBin-Y35␤C1. These binary vectors carrying DNA-␤ constructs were introduced into Agrobacterium tumefaciens strain EHA105 by triparental mating (45) .
Agroinoculation of plants. A. tumefaciens cultures harboring dimeric or partial dimeric constructs in binary vectors were grown at 28°C for 48 h. For the coinoculation of helper virus and DNA-␤, equal volumes of the separate bacterial cultures were mixed prior to inoculation. Nicotiana benthamiana, Nicotiana tabacum cv. Samsun nn, Nicotiana glutinosa and S. lycopersicum cv. Hongbaoshi plants were agroinoculated by a stem puncture method. Briefly, a 21-gauge needle was used to inject 0.2 ml of bacterial culture into the stems or the petioles of plants at the four-to six-leaf stage. The inoculated plants were grown in an insect-free cabinet with supplementary lighting to give a 16-h day length and were checked daily for the appearance of symptoms.
Analysis of viral and betasatellite DNAs. Total nucleic acids were isolated from the young leaves of N. benthamiana and N. glutinosa using the cetyltrimethylammonium bromide method (46 P]dCTP-labeled or digoxigenin (DIG)-labeled probes. The virus-specific probes were produced by labeling denatured PCR products of the fragments amplified from the cloned full-length genomes of TbCSV and TYLCCNV, respectively, while the DNA-␤ probe was produced by labeling an equimolar mixture of the SCRs of TYLCCNB and TbCSB. After prehybridization and hybridization were complete, the blots were washed in 0.1ϫ SSC (1ϫ SSC is 0.15 M sodium chloride plus 0.015 M sodium citrate), 0.1% sodium dodecyl sulfate at 50°C for 30 min. Hybridization signals were detected by phosphorimaging using a Typhoon 9200 imager (Amersham Pharmacia). Hybridization was detected with DIG-labeled probes using the DIG DNA labeling and detection kit according to the manufacturer's instructions (Roche Diagnostics, Mannheim, Germany).
Plant transformation. N. benthamiana and S. lycopersicum leaf explants were cocultured with agrobacterium by the leaf disc infection method (16) , and transformants were selected on Murashige and Skoog medium (27) that was supplemented with 100 mg/liter kanamycin and 500 mg/liter carbenicillin. Kanamycin-resistant shootlets were placed on rooting medium, grown to a height of 5 to 6 cm, and transferred to soil.
Histochemical localization of GUS activity. GUS histochemical staining was performed essentially as described previously (1, 19) . GUS activity was localized histochemically using a staining solution containing 1 mM X-Gluc (Sigma, Aldrich, MO), 50 mM sodium phosphate (pH 7.0), 10 mM sodium EDTA (pH 8.0), 0.5 mM potassium ferrocyanide, 0.5 mM potassium ferricyanide, 20% (vol/vol) methanol, and 0.05% Triton X-100. The samples were infiltrated with substrate and incubated at 37°C for 3 to 12 h. The staining buffer was then removed, and the samples were cleared by sequential changes of 30%, 75%, and 95% ethanol. Sectioning and embedding were performed on some samples (12) , which were then examined and photographed under a Leica DC300 stereomicroscope (Leica, Mannheim, Germany).
Quantitative GUS assay. Fluorometric determination of GUS activity was performed as described by Guan and Zhou (13) . The mean GUS activity from the 35S promoter of pINT121 was considered 100% and used to standardize the activity of the promoter in p␤C1. (Table 2) . However, in the presence of TYLCCNB (Y10␤), TYLCCNV induced an array of severe symptoms in the host plants, including leaf curling, vein thickening, leaf distortions on the tops of the leaves, and enations on the undersides of the leaves ( Fig. 2a and 4a ; Table 2 ), which sometimes developed into leaflet-like structures on the main veins. In contrast, TbCSV (Y35) alone induced severe leaf-curling symptoms in its hosts, while TbCSB (Y35␤) intensified the symptom phenotypes in Nicotiana spp. (Table 2) . Symptoms elicited by the coinfection of Y35 and Y35␤ consisted of pronounced leaf curling ( Fig. 2a and 4b ; Table 2 ). To investigate whether the symptom differences were determined by the helper virus or the satellite, pseudorecombinants were produced by the exchange of virus and satellite components. After inoculation with mixed cloned genomic and satellite components Y10 plus 35␤ or Y35 plus 10␤, various host plants became infected (Table 2) . N. benthamiana, N. glutinosa, N. tabacum cv. Samsun, and tomato plants infected by Y35 plus Y10␤ developed severe leaf curling, vein thickening, and enations similar to those induced by Y10 plus Y10␤ but distinct from the severe leaf-curling symptoms induced by Y35 plus Y35␤ ( Fig. 2a ; Table 2 ). When Nicotiana plants were agroinoculated with Y10 plus Y35␤, mild leafcurling symptoms began to appear at 7 days postinoculation (dpi) ( Fig. 2a ; Table 2 ). The mild symptoms coupled with the lower infectivity of this pseudorecombinant (72%, 54%, and 90% compared to 92%, 79%, and 97% for Y10 plus Y10␤ on N. glutinosa, N. tabacum cv. Samsun, and N. benthamiana, respectively [ Table   2 ]) suggest that TbCSB encodes a weaker pathogenicity factor than TYLCCNB. Southern blot analyses revealed high levels of satellite DNA-␤ accumulation in systemically infected tissue of N. glutinosa plants coinoculated with Y35 and either Y10␤ or Y35␤ (Fig. 2b, lanes 2 and 3) . The levels of Y35 in systemically infected N. glutinosa were largely unaffected by the presence of the satellites (Fig. 2b, lanes 1 to 3) . In contrast, Y10␤ appeared to enhance the accumulation of Y10 in systemically infected N. glutinosa tissues (Fig. 2b, lanes 4 and 5) . Plants coinoculated with Y10 plus Y35␤ accumulated substantially lower levels of both helper virus and satellite than those inoculated with Y10 plus Y10␤ (Fig. 2b, lanes 5 and 6) , which correlated with mild symptoms. In conclusion, the pseudorecombination assay indicated that the enation and vein-thickening phenotypes cosegregated with TYLCCNB (Y10␤), while TbCSB (Y35␤) mainly intensified leaf-curling symptoms.
Phenotypes of transgenic plants expressing TbCSB ␤C1. A previous study showed that transgenic N. benthamiana, N. tabacum, and Arabidopsis spp. plants expressing TYLCCNB ␤C1 developed morphological abnormalities, such as leaf curling, distortion and small leaf-like enations on the abaxial surface (6, 7, 44) . To determine whether the ␤C1 protein of TbCSB is also responsible for symptom induction, we prepared transgenic N. benthamiana and tomato plants expressing TbCSB ␤C1 and performed a Northern blot analysis using the TbCSB ␤C1 gene as a probe (Fig. 3a) . Of the rooted plantlets, only 10% of the transgenic N. benthamiana plants were moderately abnormal, including upward leaf curling (Fig. 3b and c) . The transgenic tomato plants developed normally and remained symptomless ( Fig. 3d and e) . Compared with the phenotypes introduced by TbCSB ␤C1, those introduced by TYLCCNB ␤C1 were remarkably severe (6, 7, 44) (Fig. 3f) . These data indicate that the ␤C1 protein of TbCSB is inherently distinct from that of TYLCCNB in terms of symptom induction when constitutively expressed in transgenic plants.
Infectivity and symptoms of hybrid DNA-␤. Since DNA-␤-encoded ␤C1 has been implicated in symptom induction, the symptom differences might be attributed to the ␤C1 gene alone. Both TYLCCNB and TbCSB encode a 357-nt ␤C1 gene in their complementary sense strands, and disruption of these ORFs eliminated the satellite-associated phenotypes (7, 22) . To further map the symptom determinants, DNA-␤ hybrids having heterologous ␤C1 ORFs or fragments containing the A-rich region and the putative promoter region upstream of the translation start site of ␤C1 (referred to as AP) sequences were generated by SOE-PCR. These constructs, Y10␤-35C1, Y35␤-10C1, Y10␤-35AP, and Y35␤-10AP, were individually coinoculated with Y10 or Y35 on N. benthamiana, N. tabacum cv. Samsun, N. glutinosa, and tomato plants. All the DNA-␤ hybrids systemically infected these four hosts, and most of them induced symptoms different from those elicited by the cognate DNA-␤ (Table 2 ; Fig. 4 ), indicating that all hybrid satellites are viable and that ␤C1 functions in a heterologous genetic background. The symptoms induced by Y10␤-35C1 were Y35␤-like and consisted of leaf curling rather than vein thickening and enations. Unexpectedly, Y35␤-10C1 also elicited Y35␤-like symptoms when coinoculated with Y35, and none of the leaves developed vein thickening and enations during their growth (Fig. 4b) . The onset of symptoms (7 to 10 Table 2 ). Interestingly, the symptoms induced by Y10␤-35AP when coinoculated with either Y10 or Y35 were qualitatively similar to those for the Y10-and Y10␤-coinoculated plants, and the number of enations was less and their sizes were reduced ( Fig. 4 ; Table 2 ). However, vein thickening and enations were not detected in Y35␤-10AP-inoculated plants. In conclusion, these results showed that TYLCCNB ␤C1 is essential but not sufficient to cause the enation phenotype when expressed from the Y35␤ sequence context and suggest that the upstream sequences, including the putative promoter region of ␤C1, are also correlated with the symptom severity and the disease phenotype.
Analysis of viral and betasatellite DNA levels in inoculated plants. Southern blot analysis of N. benthamiana and N. glutinosa plants agroinoculated with Y10 and Y35 plus wild-type or hybrid satellites revealed predominantly ssDNA with, in some cases, relatively low levels of supercoiled DNA (Fig. 5) . The levels of helper virus in systemically infected N. benthamiana and N. glutinosa plants were similar irrespective of which particular DNA-␤ was present (Fig. 5a and b, top lanes 1 to 16) . High levels of Y10␤ (Fig. 5a, bottom lanes 1, 2, 9 , and 10) and the hybrid DNA-␤s Y10␤-35C1 (Fig. 5a, bottom lanes 3, 4, 11 , and 12), Y10␤-35AP (Fig. 5a, bottom lanes 5, 6, 13, and 14) , and Y35␤-10AP (Fig. 5a, bottom lanes 7, 8, 15 , and 16) were detected in systemically infected tissues, indicating efficient trans-replication and systemic movement of these satellites by Y10. The same results were noted in tissue systemically infected by Y35␤ (Fig. 5b, bottom lanes 1, 2, 9 , and 10), Y35␤-10C1 (Fig. 5b, bottom lanes 3, 4, 11, and 12 ), Y10␤-35AP (Fig.  5b, bottom lanes 5, 6, 13, and 14) , and Y35␤-10AP (Fig. 5b,  bottom lanes 7, 8, 15 , and 16) coinoculated with Y35. These data indicate that neither the levels of helper virus nor those of DNA-␤ correlated with the symptom differences.
The putative promoter of TbCSB ␤C1 confers constitutive GUS expression in transgenic tobacco plants. A 955-nt fragment of TYLCCNB, upstream of the translation start site of the ␤C1 gene, has promoter activity, and GUS expression driven by this fragment is phloem specific (Fig. 6a and b) (13) . To determine the expression patterns by the putative promoter from the TbCSB ␤C1 gene, tobacco plants were transformed with the p␤C1, pINT121 containing the CaMV 35S promoter (as a positive control), and pBinGUS (as a negative control) constructs. Eleven independent p␤C1 transgenic lines, 10 pINT121 lines, and 3 pBinGUS lines were selected and analyzed using a GUS histochemical staining method. In general, the GUS expression patterns displayed by the p␤C1 transgenic line were less intense than those of the pINT121 transgenic line. The blue staining was observed in all tissues except in the primary xylem in the roots (Fig. 6) . In transverse sections of the roots prepared from the p␤C1 transgenic plants, GUS expression was found to be associated predominantly with the root cortex, and to a lesser extent with the vascular bundles, without apparent staining of the primary xylem (Fig. 6c) . Strong GUS staining was observed in both the vascular bundles and mesophyll tissues of leaves ( Fig. 6e and f) , and in all stem tissue, the vascular phloem was more intensely stained (Fig. 6d ). An examination of longitudinal sections from the root tissues revealed that GUS expression driven by p␤C1 was located at the root tip as well as the root cap regions (Fig. 6g) . Similar expression patterns were also observed in the stem, root, and leaf sections prepared from the pINT121 transgenic line (Fig. 6h to l) . As a negative control, no blue staining was detected in pBinGUS transgenic lines (data not shown). These observations indicate that GUS expression driven by p␤C1 is constitutive.
The promoter activity of the GUS fusions was also evaluated in stably transformed kanamycin-resistant plants by fluorometric assays. The results of these assays revealed that GUS activity driven by p␤C1 was about 40% of the activity from the CaMV 35S promoter (Fig. 7) . Total RNA isolated from the leaves of transgenic tobacco plants was subjected to Northern blot analysis, and the results obtained correlated well with the corresponding GUS fluorometric assays (Fig. 7) in that high levels of GUS activity corresponded to higher accumulation of the GUS transcripts in pINT121 transgenic plants. 
DISCUSSION
Bipartite and monopartite begomoviruses are often associated with leaf curling, mosaic, or yellow mosaic symptoms on a variety of dicotyledonous plants. However, the recently identified begomovirus-betasatellite disease complexes commonly induce characteristic phenotypes in their natural hosts, including vein yellowing, leaf curling, vein thickening, and enations (5, 20, 22, 38, 45) . Most of the begomoviruses that associate with betasatellites are able to infect the hosts from which they were isolated but require the betasatellite to induce typical symptoms. In an attempt to understand what components of the viral or betasatellite genome are required for the induction of distinct symptom phenotypes, the pseudorecombinants between TYLCCNV/TYLCCNB and TbCSV/TbCSB were inoculated in plants and the determinants of symptom development were localized on the betasatellite. Viable pseudorecombinants have been reported previously between closely related strains or species of bipartite geminiviruses derived from the same (31) . Pseudorecombination studies, together with the construction of hybrid viruses, have implicated both protein-encoding regions and noncoding regions of DNA-A and DNA-B as genetic determinants of multiple viral biological properties. These properties include host adaptation (11, 30, 31, 41) , tissue tropism (26, 33) , host range (15, 17) , symptomatology (9, 40) , and an avirulence determinant conditioning a hypersensitive reaction (10) . In contrast to the highly specific recognition of the bipartite geminiviral origin of DNA replication by viral replication-associated proteins (Rep), the betasatellites appear to be able to use the Rep proteins from a diverse range of monopartite begomoviruses (3, 24) .
Comparisons of the sequences of betasatellites associated with distinct begomoviruses have resulted in the identification of several common features. These include a highly conserved noncoding region (SCR), which includes the stem-loop structure and the universal nonanucleotide TAATATTAC in the loop; a conserved ␤C1 ORF in the complementary-sense strand; and an adenosine-rich (A-rich) region varying between 160 and 280 bases that separates the ␤C1 ORF and the SCR (3, 25) (43) also showed that such recombinants associated with TYLCCNV/DNA-␤-infected plants were able to induce typical disease symptoms when coinoculated with TYLCCNV. Since all recombinants lack the SCR, these results indicated that the SCR is not involved in symptom induction. Mutagenesis of the betasatellite associated with TYLCCNV, AYVV, CLCuMV, and TbCSV has also revealed that ␤C1 is required for disease symptom induction. In addition, the transgenic expression of ␤C1 causes disease-like symptoms, indicating that ␤C1 encodes a pathogenicity determinant (7, 22, 34, 39) . The role of the ␤C1 gene is reminiscent of that of BC1 of bipartite begomoviruses, which encodes a movement protein required for the cell-to-cell movement of DNA-A (28, 36) . A recent report indicates that the DNA-␤ associated with CLCuMV can substitute for the DNA-B of Tomato leaf curl New Delhi virus to permit systemic infection (35) . BC1 appears to be a symptom determinant for bipartite geminiviruses, and the transgenic expression of the BC1 gene of Squash leaf curl virus in N. benthamiana (29) , Tomato mottle virus in N. tabacum (8) , and Bean dwarf mosaic virus in tomato plants (18) induces developmental abnormalities. Sequence analysis shows that TYLCCNB (AJ421621) and TbCSB (AJ411484) share 56% nucleotide sequence identity and that their ␤C1 proteins share 71% amino acid sequence identity. Hybrid satellites were constructed to precisely shuttle the ␤C1 ORF between the two satellites. The hybrid satellite Y10␤-35C1 containing TbCSB ␤C1 in TYLCCNB lost the ability to induce vein thickening and enations, indicating that TYLCCNB ␤C1 plays an important role in the characteristic phenotypes. Corresponding with this observation, significant differences are also evident in the transgenic phenotypes between TYLCCNVB ␤C1 and TbCSB ␤C1. Only 10% of the transgenic N. benthamiana plants expressing TbCSB ␤C1 displays modest leaf curling, and the transgenic tomato plants remained symptomless (Fig. 3) . This is consistent with the previous demonstration that TbCSB The ␤C1 promoter of TYLCCNB has been demonstrated to confer a phloem-specific expression pattern in transgenic tobacco, and a 173-nt fragment from the 3Ј end is sufficient to drive the expression pattern but the A-rich region slightly regulates the promoter activity (13) . To further elucidate additional sequences important for the vein-thickening and enation phenotypes, hybrid satellites were constructed by precisely shuttling the A-rich region and a 173-or 200-nt putative promoter fragment (referred to as AP) between the two satellites. The hybrid Y10␤-35AP could produce enations, but these enations were smaller and less pronounced than those of wild-type TYLCCNB. The attenuation of enation production can be explained by the differences in the expression patterns of the ␤C1 promoters. So the promoter of the TbCSB ␤C1 gene was assumed to confer a different expression pattern from that of TYLCCNB ␤C1. The results confirm that a full-length fragment upstream of the TbCSB ␤C1 gene confers a constitutive GUS expression pattern in transgenic tobacco plants. Interestingly, N. benthamiana and N. tabacum plants transformed with a construct containing the ␤C1 gene of TYLCCNB under the control of the CaMV 35S promoter display interveinal protuberances or small interveinal tissue outgrowths on the undersides of the leaves (7) but no enations. This result can be attributed to the constitutive expression of the CaMV 35S promoter. Although ␤C1 is the symptom determinant, symptoms also depend upon where the ␤C1 gene is expressed; thus, the promoter of the ␤C1 gene has influence on symptom production. Similar results were obtained by Qazi et al. (32) , who found that the phloem-specific nature of the ␤C1 promoter plays a role in tissue specificity for the symptom expression of cotton leaf curl disease. Now different symptoms induced by TbCSV/TbCSB and TYLCCNV/TYLCCNB can be explained partly. The expression of the ␤C1 gene of TYLCCNB can induce abnormal cell division (6) and its promoter is phloem specific (13) , so TYLCCNV/TYLCCNB induces vein thickening and enations in its infected hosts. For TbCSB, ␤C1 expression cannot induce abnormal cell division (Fig. 3) and its promoter is constitutive, so TbCSV/TbCSB does not induce vein thickening and enations in its infected hosts.
In conclusion, the symptom differences of TYLCCNV/ TYLCCNB and TbCSV/TbCSB are determined by DNA-␤ and the DNA-␤-encoded ␤C1 protein is the symptom determinant, but the promoter of the ␤C1 gene has influence on symptom production.
